The slow progress in clinical applications of stem cells and the bewildering mechanisms involved have puzzled many researchers. Recently, the increasing evidences have indicated that cells have superior plasticity in vivo or in vitro, spontaneously or under extrinsic specific inducers. The concept of stem cells may be challenged, or even replaced by the concept of cell plasticity when cell reprogramming technology is progressing rapidly. The characteristics of stem cells are manifestations of cellular plasticity. Incorrect understanding of the concept of stem cells hinders the clinical application of so-called stem cells. Understanding cellular plasticity is important for understanding and treating disease. The above issues will be discussed in detail to prove the reconceptualization of stem cells from cellular plasticity.
Introduction
Stem cells are defined as undifferentiated biological cells that can differentiate into specialized cells and can divide through mitosis to produce more stem cells. We often identify stem cells by detection of cell proliferation ability, directional differentiation ability and specific gene expression (1) . However, the concept of stem cells may be challenged, or even replaced by the concept of cell plasticity when cell reprogramming technology is progressing rapidly.
Since Shinya Yamanaka (2) created the technology of induced pluripotent stem cells, the study about cell differentiation, dedifferentiation and transdifferentiation progress quickly (3) . These progressions suggest that any cells with various differentiation grades may change in variety of forms under certain induction such as transcription factors (4) or small molecules (5) . Moreover, this change is not only confirmed by experiments in vitro, but also in vivo (3) . The increasing evidences (6, 7) show that in vivo, cells can change spontaneously in some specific pathophysiological environment. The cellular super plasticity makes cells distinction and stem cells concept indistinct. Based on above theory, in principle, any types of cell may change or proliferate and contribute to tissue repair and regeneration in some specific environment. These surprising findings may also suggest a hypothesis that concept of stem cells is being redefined. Here, we will discuss the problem from the following aspects.
The Concept of Stem Cells Is Becoming Increasingly Blurred
According to the grade and level of differentiation, cells can be divided into embryonic stem cells, adult stem cells and adult cells that seems like tree roots, trunks and leaves, respectively. The previous viewpoint is that this distinction is obvious and the seniority ranking can't be changed. But, rapid progress of cells reprogramming technology in the last ten years has changed the rules of the game. Induced pluripotent stem cells, which may represent embryonic stem cells, adult stem cells and adult cells can be converted mutually through differentiation, dedifferentiation or transdifferentiation. These interesting findings also confuse us just like the logic of chicken and egg. Moreover, certain cells can obtain proliferation ability, directional differentiation ability and specific gene expression under a series of induction. These new understanding actually make the concept of stem cells fuzzy.
In fact, the concept of specific stem cells is often in dispute. A typical example is liver stem cell or progenitor cell, previously known hepatic oval cell (6, (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . Its existence has been questioned and the exact definition is also still in debate. And its contribution to liver regeneration after liver injury is also a controversial issue (13, 19) . And the latest cell tracing technique showed that in addition to the so-called liver stem cells, different subsets of the liver cells were also shown to play a role in the regeneration of the liver under different conditions (13) (14) (15) 19) . Some researchers even proposed that all hepatocytes are stem cells (16) . These arguments are essentially due to the fuzzy concept of stem cells. When we are trying to find and study liver stem cells, we may have to make our thinking imprisoned. First, we subjectively predetermine some stationary phenotypes and characters for the liver stem cells. Secondly, we are not aware of the fact that liver stem cells may be a virtual concept that does not exist. This erroneous knowledge may also lead us into an endless debate about liver stem cells and liver regeneration.
From the developmental point of view, cell changes are continuous from embryonic stem cells to mature cells. During cellular development, chromatin status will continuously undergo changes and post-transcriptional modifications, causing phenotypic and functional changes on the basis of the same set of genetic material (20) . During the process of cell development and differentiation, any cells theoretically can be called stem cells or changed to stem cells so that the concept of stem cells does not exist indeed.
The Characteristics of Stem Cells Are Manifestations of Cellular Plasticity
Recently, a series of reviews (21) (22) (23) (24) together with the editors' comments (17) has been published in HEPATO-LOGY to discuss stem cells or reprogramming (plasticity) mechanisms in liver, biliary tree, and pancreas. Scholars try to explore the issue of liver regeneration and repair from the perspective of stem cells or reprogramming mechanisms that reflect the division of opinions. Lots of researchers try to identify, isolate and discover liver stem cells and their contribution to liver regeneration (25) . The new technique reveals the cellular plasticity, and finds its important role in the process of tissue regeneration including liver (26) . However, it also may induce a new problem or dispute that among stem cells or cellular plasticity, which play the key role during liver regeneration (10, 17, 27) . Indeed, the characteristics of stem cells are just manifestations of cellular plasticity. In other words, the concept of stem cells needs to be redefined and stem cells are only one form of cell plasticity. Recognizing this opinion may let us better understand current controversy on stem cells and tissue regeneration.
As Meritxell Huch's concise review (24) shows, stemness seems not to be limited to a particular cell type but rather to a cellular state in which cells exhibit a high degree of plasticity and can move back and forth in different phenotypic states. They think that stem cell fate and stem cell potential are two different sides of cellular plasticity (24) . However, stem cell fate and stem cell potential seem to be a pair of contradictory concepts that are confusing because stem cell is not standard ruler and is just a generalized cellular state. In fact, all about stem cell problems may be explained by cellular plasticity. In evidence-based medicine, clinicians often use a variety of scoring systems to rating the patient's condition. Similarly, we may also evaluate cellular plasticity by a certain score system in the future.
Incorrect Understanding Hinders the Clinical Application of So-called Stem Cells
Since its first definition, stem cells have been held in high hopes in the field of tissue regeneration and repair, especially in various neurological disorders, such as spinal cord injury, and organ failure, such as liver failure and heart failure. But so far, stem cell therapies have not been able to provide definitive and effective treatment in clinical trials (28) . And safety is also a major obstacle to the clinical use of stem cells. Due to the above reasons, so far Food and Drug Administration has approved only one stem cell product, Hemacord, a cord blood-derived product that is mainly composed of hematopoietic progenitor cells and used for specified indications in patients with disorders affecting the body's blood-forming system (29) . However, hematopoietic progenitor cell transplantation is indeed a kind of blood organ transplantation rather than classical stem cells therapy. The difficulties encountered in the clinical application of stem cells may be due to the incorrect understanding of stem cells. Although there are some successful reports in clinical trials and cases of stem cell clinical treatment (30) (31) (32) , the exact efficacy, security and the underlying mechanism are still in dispute (28, 33, 34) . Early research hopes to use stem cell proliferation and differentiation to repair the damaged tissue. But recent studies speculate that paracrine or immunomodulatory effects of stem cells may be the basis for stem cell therapy (35) (36) (37) . These new mechanisms may also bring new doubts: since proliferation and differentiation, which are the two major features of stem cells, contribute little to stem cell therapies, what are the therapeutic implications of stem cells themselves.
Paracrine or immunomodulatory effects of stem cells actually work by changing the plasticity of target cells (36) . Therefore, it may lead to a new vision that treating disease by understanding, changing, and using cellular plasticity, rather than relying on the stem cell itself. Many optimistic researchers and related companies in the field of stem cells explain that any great discovery in the scientific field will have to wait for decades and even longer for clinical applications. However, we may overlook a critical issue that the erroneous understanding of the concept of stem cells may be the biggest barrier to its clinical use. Stem cells are only a state and characteristic of cells, and stem cells with different potentials or proliferating abilities are only a manifestation of cells with different levels of plasticity. A correct understanding of cellular plasticity may be the key to understanding the current dilemma of stem cell clinical applications. First of all, cellular plasticity is directly influenced by the internal and external environment of cells. When we transplant stem cell into the body, the environment around the stem cells changes dramatically, and its plasticity changes, and its proliferation and differentiation potential will be greatly reduced. Second, cellular plasticity is interactive. The process of cell development and differentiation is always accompanied by different companion cells that provide a special environment for cells interaction directly or indirectly. Many successful constructions of micro organs may due to the use of cell mixing cultures in three-dimensional environment (38, 39). When we artificially isolated stem cells from the body, stem cells themselves lose these interaction and current stem cells may not original stem cells. Cells may show varied degrees of cellular plasticity in different cell populations and environments (40) .
Cellular Plasticity Is Totipotent
Totipotency is the ability of a cell to differentiate into all cell types of an entire organism including the trophoblast lineage in a coordinated and highly complex manner (41) . The conventional knowledge is that the only totipotent cells are the zygotes and blastomeres (42) . In recent years, progress has proved that, in theory, any type of cell can switch to any other type of cell after proper induction (43) . The route of change is diverse, mainly in the following aspects. First, adult stem cells with middle differentiation grade may differentiate to specific somatic cells after certain induction processing. Secondly, mature somatic cells with high differentiation grade may be induced transdifferentiation into specific types of other somatic cells by transcription factors or specific small molecules. In recent years, this strategy has been successfully applied in the transformation of fibroblasts into hepatocytes, nerve cells and cardiomyocytes. Third, somatic cells can also dedifferentiate into induced pluripotent stem cells that can further differentiate into any target cells even including trophoblast lineage cells (44) (45) (46) .
Moreover, the somatic cells also undergo dedifferentiation into specific adult stem cells, such like that hepatocytes or fibroblasts can be induced into so-called liver stem cells through certain induction. Adult cells can change into specific cells through dedifferentiation, differentiation, transdifferentiation, and other forms. These advances suggest that cells of any differentiation grade can change into a variety of cell types in a variety of ways. The update on the concept or understanding of cell fate changes suggests the blurring of stem cell concepts and the boundaries of cell types.
The cells in vivo also have a high degree of plasticity. The aforementioned cell differentiation, transdifferentiation, dedifferentiation and reprogramming are not only confirmed by in vitro experiments, but also have been effectively demonstrated in vivo by local specific induction agents (Fig. 1) . These cell transitions are passively given in vitro or in vivo in the presence of extrinsic inducer, but do cell transitions happen spontaneously in pathological or physiological conditions? It is common that tissue stem cells differentiate into daughter cells, but recent studies have shown that cells can also undergo sponta- neous transdifferentiation and dedifferentiation in vivo (47, 48) . Cells with short cell renewal cycle such as bone marrow hematopoietic stem cells and intestinal epithelial stem cells constantly differentiate into daughter cells, thus maintaining the balance of tissue regeneration. Recent studies have shown that hepatocytes can also dedifferentiate into hepatic stem cells in the event of injury and promote the repair of injured liver (12) . In the course of many tissue damage repair, specific cell populations can spontaneously dedifferentiate into or transdifferentiate into adult cells or adult stem cells (49) . Compared with in vitro rapid induction, this transformation is slower and closely related to changes of microenvironment in vivo. These novel findings also demonstrate the universality of cellular plasticity. It also suggests that any type of cell in the body is constantly changing. These changes may be cellular phenotypes, cell morphology or even cell types to meet the needs of the organism. In a particular environment, specific cell populations can change from quantitative change to qualitative change, and undergo spontaneous cell turnover in vivo.
Understanding Cellular Plasticity Is Important for Understanding and Treating Disease
Understanding cell plasticity can better understand the disease. As the smallest unit of an organism, the proliferation, differentiation and transformation of cells constitute the development, physiological and pathological process of the organism. Cell plasticity not only ensures the process of cell differentiation and development, but also is important for understanding the significance of disease. First of all, in the process of tissue repair, adult cells not only can proliferate under the external stimulation but also can dedifferentiation into stem cells that further proliferate and differentiate to complete the repair of tissue damage process. As tissues are mostly a mixture of many types of cells, in theory, each cell may have a corresponding contribution in the process of tissue injury. Adult stem cells may proliferate and differentiate, and adult cells may dedifferentiate or transdifferentiate to repair damaged tissues. Under different injury conditions, a specific tissue repair procedure may be adopted to improve the tissue repair process. This theory may well explain the current debate about the theory of hepatocyte proliferation in the course of liver tissue repair. Some hepatocytes can self-proliferate, while some hepatocytes can spontaneously reverse into hepatic stem cells, then proliferate, differentiate into hepatocytes, and repair damaged livers. The oval cells, which have the characteristics of liver stem cells, can proliferate or differentiate. And other cellular components in the liver may even be involved in the repair process. Recent studies, for example, suggest that hepatic stellate cells can act as liver stem cells in the repair of liver tissue damage (11) .
The application of cellular plasticity may provide new options for the treatment of diseases (50) . Understanding the plasticity of cells is important not only for under-standing the processes of cell development, differentiation and tissue repair, but also for altering the fate of cells in vivo and in vitro to achieve the purpose of treating diseases. The autologous or allogeneic cells can be transformed into specific target cells by directional differentiation, dedifferentiation, transdifferentiation and gene modification in vitro, and then input into the receptor so as to achieve the purpose of treatment. This model of in vitro manipulation of cells has been largely confirmed by basic studies, and a small number have entered clinical trials. With the further understanding of the cellular plasticity, some studies have suggested that the lesion tissue will be given local stimulation, which can accomplish the passive fate change of target cells in vivo, so as to achieve the purpose of treatment (51) . A case in point is the fact that the overexpression of transcription factor hepatocyte nuclear factor 4-alpha in vivo, which plays a key role in hepatocyte differentiation and the maintenance of hepatic function, can alter the performance of hepatocellular carcinoma cells and thereby inhibit the growth of hepatocellular carcinoma cells (52) . Although the study mainly is to reveal the pathogenesis of hepatocellular carcinoma, but it presents a new approach for cancer treatment, namely the change of tumor cells, rather than destroy it. Future therapies can also promote tumor control and treatment by giving tumor cells an adequate induction of stimulation or by changing their immune and humoral environment. In vivo, the direct induction of specific cells into neurons (53) , cardiomyocytes (54) , and hepatocytes (55) has been demonstrated in animal experiments. These findings will shed light on diseases such as diabetes, cardiomyopathy, and nerve injury that related cells previously are considered difficult to regenerate themselves. These findings also bring new hope for fibrotic diseases such as cirrhosis which is difficult to effectively remove fibrous scar tissue by conventional treatment. The increasing evidences indicate that cellular plasticity is ubiquitous in many organs (50, 51, 56) . The cellular plasticity to maintain and repair organs diminishes with age (50) . Therefore, new therapeutic approaches to harness cell plasticity will be developed for tissue repair, regeneration and cancer (51) .
